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ARSTRACT
A techaique using the photoconductivity of semi-
conductor and insulator photocathodes to improve imsge
tube gating speeds is presented. A simple model

spplicable to the tectmique and s preliandsary experi-~
ment sre described.

The gatiag speed of photeoelectric imege “ubes 1o
etrongly depondent on the sheet tssistamee of the
photocathode. Detch and Ogle [1] have developed a
mathematical model describing the propagsa.iom of elec-
trical pulses applied to the perimeter or a eireuiar

- tube, The voltage st a given vadius is fownd to
)3 function of t/R, vhere t 1is the time and R 1s the
heet resistamce.

The uwee of semiconductor and imsulator photocath-
odes is sttractive far many spplications becamse of
their spectral vesponse end photoslactric yield. Now-
sver, typical resistivities of such msteriale are memy
orders of magnitude greater tham thoess of metals. As
a result, image ‘tubes uwtilising euch photecathede
nateriale cem bave unacceptably slow gatiag speeds.

To combat this deficiemcy in spesds, variows schemes
can be employed to decresse the sffective resistivity.
A thin conductive film can be weposited wnder or Gver
the photocathode, or epecisl doping eam be weed. WNow-
svar, these techmiques may not alvaye be spplicsble.
Chemical incospatidility, a lese-tham-ideal spectral
response or & lower yleld can reduce the appeal of such
techniques,

It is the purpose of this paper teo Suggest the
slternative of waing tha inhereat photoeenduetivity of
these matericls to decrense their resistivitiss. The
tsage tube phetecathodes would thus be swbjected to
1ight from twe souress) oms from the eveat we are try-
ing to recerd and one from & second sewroe (e.g5. a
pulsed laver) te ingrease the condustivity amd allov a
faster gating vweed. Buch s techiiqgue would aet be ex-
pected to eiguiffesatly slter the imtrimsic spestral
responoe or phetosieatric yield of the material.

The effect of tha tvo sources on a hypothetical
seniconductor or imsulstor is {llustrvated in Pigure 1.
Energy s pletted in the vertisal dirvectim with the
pertinent energy levels notedt l“ 1is che emergy at

the top of the mearly filled valenes bende; la 19 the
energy at the betten of the nearly empty eenduation
bande} l'-lc'-l" (the band .lp)].ll.r 19 the

onission thresheld smergy, 1.a., the energy am slestron
aust have to tocavy the phetosathiode iate the vaswm.
Rlectrons with smergy l‘ in the eelid will have sere

kinetie enargy in the ~sewwn. Por otmplisity, ve ar-
sune 1ight frem tha sevres event is msmechrematice,
vith phetea emergy, w;. Witn this photon emergy, seme

source light will be absorbed resultiag ia photo-
slectroms with soms kinutic emergy (case s8), while
other electrons phetoencited by 1ight from the source
eveat will not heve sufficient energy to escapes ihe
photocathoda (cese b). Oa the other hand, light frem
the second (primer) source has a lower photon energy,
hvz. vhich, when sbeorbed, cen caly result im electroms
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Pig. 1. Baergy larel diagrem fer a semieenduster or
tarvloter, Ghowe amaitacion of alestrows dwe to
nburru- of relatively energetis photeons, w‘.

ta sn, ond (b), end 1ess emergetic photens,iV,,

in (a).
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vith enetrgy less than l.l (case ¢). Such electroms esm-

not escape the photosathode, but caa aocatribute te in-
cressed econductivity. Analyticslly, w, is ewngtrais-

by By S Wy <Ry - Ry

It should be moted, of cowrae, that evea 1if ewr
primer sourea 1ies im the appropriate pheton mergy
range, 8 small smowmt of jhevesmiscien will etill

occur, Abserptien at higher lyimg impurity esites, twe
photoam absorptiom or photouxoitatien of electrens al-

ready ia the oconduotion bards (for temperstures sbrve
absolute sere) esm all coutribute te a pheotecwrr at
even vhea w, < l‘l - l".

Genrally the conductivity of senicenducr.ere and
insulators is directly proportiocnsl te the swmber of
excess mobile carriers (i.e., conduction band elec-
trons and valemce band holes). BSpecifiecally,

ae o(n.U. +on), 1)

vhere 0 {s the conductivity, e is the elementery
charge, L and n, sre the respestive cowduction elec-

tron sud valeuca hola concentrations, end u. and uh

are their rupoetl.vi mobilities. Simce mobilities are
essentislly unaffected by photoabeorptic”, sn increase
in LR and LY via photoahsorption will rvusult in a

corresponding increase in conductivity.

In order to determine a Quamtitative relationship
batvesn the primer source intensity and the conducti-
vity, a simple photocomductivity model is assumed. I¢

: {:,um that every sbsorbed photoa produces a hole
aln the valemce bsnds and an electrm ia the condwction
benis., PFurther, these electrons and holes will have
{denticsl mobilitiee, u = Be ® My oad lifetimes, T.

Vith sa absorbed primer source iatessicy, I (photoms/
c-z-o). tas carrier comceatratiom, n, is goversed by

it

T
vhere ., 10 the equilidriua (dark) carvier cosceatra-

tion(both electrone and holes), and ¢ is the photo-
cathode thicknase. If s conerant primer source,l, 1o
applied at te0, the solutica for t > 0 1»

sew ¢+ 3{1(1 - c-th) . (€ ))
The shast nu‘nuuo is given by R = 1/0s, s0 wa osn
write
R
9
Re . (4)
1. 2tuter (1 - LA

vhere R = llnoouo 18 the dark sheet resistance. As
1e clear from (4), R ssymp.otically appreaches the
value l; - l°/(1 2 lluhlo) for t > . Vhem the

primer source ie removed, R vill thea desay c(xponen-
tially to lo wvith time constant T.

A preliminary experiment testing this techuique
has baen parforwed. The basic ewperimental set—vp
used has been reported,(?) bur wvill wnev be briefly
reviewed,

An eleetvical gating pulee 10 applied batveen the
extrauter and phetosatheda of the imape twbc, while s
six-plecsceond-vide VM dye loser pulse is preseated
te the full avea of 1its phetocatheds. The rvelative
tining of these pulsee 19 depicted in the plets of
Tigure 1a. The delay batveen the tve pulses is oo
quentially sdjusted te welk the dys laser pulse

E
:

a photoslevtris threshold of sbeut 1.' o
of abowt 1.0 «¥.[3] The Kd1Yag laser has a phetos
onaTyy of 1.17 oF (W,), vhils the visikla light from

thmh&rhnlmtumolﬁutlﬂml).

(8)
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Tig. 1. (a) Timing of stendard experimsmtel Jet-wp.
Dye lsser pulee ia ~ § wide, vhiile the gate 10 1.9

pe
ne or wate vide. D¥e )aeer pulce 19 soquensed frem
00lid survs pesitien teo tha dsshed owrve position dur-
ing & weseuremeat., (V) Timing with the velatiwely
vide 70 ne Wdi1Yag primex pules added . The
pulao is sequented through the pate se ia (o



Consequemtly, the twe sourses {it the eriteria illus-
trated im Pigure 1.

The sddition of the primer scurce resulted ia no
parceptible imcrasse in gating speed. The time reso-
lutien for gatiag speed wvas " 100 picoseconds. Yor
the tube tested this mssns that st lesst a 3% decrease
{n resistivity would have been nacesssry to have been
detected.

The lack of a neticesble effect sllows a calcu-
lation of aa upper limit to the prodect, uUT, for the
$-20. Using the oquuiolu of Detch and Ogle [1), R

is found to be © 10 fl for the tube wnder test.
ing a 51 er grester dedresse in R would have been
observable, equatioan (4) with ¢ >> T implies that

bt <3 x 1070 eadsv.
Yaluas for meither | nor T could be found ian the
literature for the §-20. HNowsver s valuwe of U for the

$-13 photosatheda of 300 u’-lv—o [4] was fousd. The
$-13 photocithode 1is somewhat similar te the 8-20.
Assuming that this value {s sls0 & ressomsbla estimate
of u for tha $-20, this euggesats that T < 60 pico~
seconds for the 8-20.

Id aa attempt to ebserve som photocosductive
effect, the primer pulse was fecused te & syot abeut
0.5 cu in dismeter. Though this increased I by a facgtor
of 23 ia this localined spot, still we charge in gating
response wee chserved. However wow sa imsge of the
primer opot was obeerved at the tube phorphor. The
correspondiag curreat wes mpasvred teo ba rbosut 10
nsnosaps. Taking inte sdcomt the microchammel plate
gain of 400 and the duty facter, we infer the $-20
ghotocathode semsitivity te 1.06 nicrem redistioca to

Lo abowe 3 x 1077 ANV (quentum effectemey 3.3 x 1077).

Thie sompsres vith s typicsl semeitivity of 6 x 1072
A/ at 0.4 microa for the 5-120 (quantwm officiemcy
about ,2).(3)

Turther exparinests cam bLe performed to determine
the weefulsese of photoeconductivity to improve gating
speads. Vith the $-20 microchannel-plate tube used
in this experimeat, there are two choices. Tirst,
since ia thie experiment the channel-plate gais wes
400, one could use an event source and Ndi1Yag primer
sourca both 400 times as intense, end use & chamel-
plate gain of ~1. Thea if, in fect, our value for u

of 300 c-zIV-o vere correct, and if T were se large se
0.1 plcosecond, then a reducticn im gatisg time could
be obeerved. A second option would be to use a primer
source of lomger wavelength (lower photom energy) -

as long as abdout 1,24 microm (1 eV). Oinee WI would

etill exceed or match I'. absorption could etill be

sxpected to ba strong, but photoenission from this
priwer source wvould be considaradly weakar thay vhat
vee observad {a the experiment described ia this paper.
A more intense primer source at this lewer photow
anergy aould them o veed.

Other materials may prove te be better esmdidates
for utilising the eeuncept presemted ia this paper.
Vider band gap (l' > 1 oV) wateriale cam ba appealing

photocathoder for wee 1a the wltravielet sad soft x-ray
regioas, Jecsuse of their larger bamd gape they cam
be phetesaleatrically insemsitive te visidle light and
generally have high quaatum yielde (“10X)(3).

The resfetivities of such materisle sre high pri-
marily becsuse the large band gep severely restriate
the sunber of thermally exaited carriers at reom temp-
erature. HNowever, thair mobilities end 1ifetimes ecam
be signifieear. A elsesic exsmple is caduiva eulfide,
Ite bond gap 10 2.41 &V, so the dark eemnduativity 1o
very low. Yet the aarriar lifetimes is eou tha order
of milliscaonds [6]), and the Jleotrom webility {s ea

the ovrder ef 100 -’IV-- (3.

A.ll\.—

In eondueting @ mudty-uouud gating ex-
perineat on sa image twbe possessiang a photesathode of
CdS or similar waterial, ene would not sesessarily have
to restriat the photse ¢aergy rauge of the primsr
aourna, h.lwunlynulwz>l.. With the loag

carrier lifetine, the primer source osuld be presemted
wall before the gate amd them remc'ed s fov microssconds
prior to the gata. Photosmissiom Zu¢ te the primer
source duriug the gate would be eliminsted, aad -he
tube cnuld be gated on sud off befere the oceaductivity
decayed apprecisdly.
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